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1.0 Motivation
Groundwater temperature (GWT) plays an important role in 
biological, geochemical, and physical processes, influencing the 
quality of water resources[1-6]. Temperature is propagated 
downward, though the rate at which this occurs, is dependent on 
depth, lithology, climate, and seasonality[7-9]. Shallow GWT (>10 m) is 
primarily controlled by air temperature (AT), however precipitation 
and tile water temperature has also been inferred to influence it[8,10]. 
The Midwest already faces water quality and availability issues due 
to agricultural contamination[11] underscoring the need to 
understand the controls on GWT. Furthering our analyses, we hope 
to better understand how AT and tile water temperature might 
control GWT, and whether these controls differ across depth and 
time.
2.0 Study Site
1. Is there a correlation between GWT and tile water temperature or AT?
2. Is there a difference in ∆T both vertically and horizontally across the T3 study site?
3. Is there a difference in lag times both vertically and horizontally across the T3 study site?
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• Wells are located T3 study site, a tributary of 
Evergreen Lake Watershed (105.45 km2) (Fig. 1)
• 77.6% of land cover is cultivated crops
• 13.3% of land cover is developed land.
• 9 wells along with the Diversion Box and 
stream were sampled.
• Water sampled at 1.5, 2.4, 3.0, and 4.6 
meters depth.
Fig. 1. Schematic of T3 
study site and sampling 
locations.
2.2 Site Lithology
• Silt-clay layer is 1 m in depth 
composed of organic-rich 
alluvium. (Fig.2)
• Unconsolidated sand-gravel 
layer is ~1.25 meters in depth. 
• Compacted glacial sits beneath.
Fig. 2. Cross-section of T3 study site 
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• GWT, SWT, and Tile water temperature were collected on 
bi-weekly intervals between 6/15/2015 to 9/25/2019.
• AT was collected on 15-minute intervals between 
5/27/2016 to 3/24/2019.
• Precipitation data were obtained from Weather 
underground.com over entire period. Data collected at Six-
Mile Creek and from the PRISM group will also be utilized.
4.2 Data Reduction
• Auto-correlation on GWT, AT, Tile Water, and precipitation
• Cross-correlation will be done on GWT and AT, GWT and 
Tile water temperature, GWT and precipitation.
• Daily averages for AT will be calculated starting from 12:00 
AM and 11:45 PM.
• Cross-correlation will help discern lag times and controls.
• ∆T will be calculated by using max and min temperature on 
annual bases, measured between May to June. 
Fig. 3. Example graph of 
cross correlation results 
showing relationships 
between variables.
Fig. 4. Horizontal 
GWT ranges 
including wells 2-12 
and Tile.
Fig. 5. Vertical GWT 
ranges including 
surface water (0.1 
m) and tile water 
(1.2 m).




8 0.98 0.99 0.99
10 0.98 0.99 0.99 1
12 0.92 0.99 0.99 0.99 0.99
General Horizontal




2.3 0.99 0.99 0.48
3.0 <0.01 <0.01 <0.01 <0.01
4.6 <0.01 <0.01 <0.01 <0.01 0.15
General Vertical
Table 1: P-values between 
GWT ranges of wells 2-12 
calculated by two-way 
ANOVA analysis.
Table 2: P-values 
between GWT ranges of 
depths 0.0-4.6 meters 
calculated by two-way 
ANOVA analysis.
